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EFFECTS OF METHYLMERCAPTOIMIDAZOLE (MMI).

PROPYLTHIOURACIL (PTU).

POTASSIUM PERCHLORATE (KC104) AND

POTASSIUM IODIDE (KI) ON
THE SERUM CONCENTRATIONS OF THYROTROPHIN (TSH)

AND THYROID HORMONES IN THE RAT

By
P. T. Mannisto1 . T. Ranta-) and ]. Leppdluoto^i

A B S T R A C T

Male Spraeuc-Dawley rats were given graded doses of methylmercapto-
imidazoie (MMI1. propylthiouracrl (PTU). KCIO^ or KI in drinking water
for 4 days, or the lowest effective dose of each drue for various times.
The rats were sacrificed at 1-2 p. m. and serum T3. T4 and TSH concen-
trations were measured by radioimmunoassays. It was found that admin-
istration of 5 mg 1 of MMI. 10 mg-1 of PTU and 100 mg'l of KC104 for
4-14 days induced a transient rise in serum TSH and a fall in serum T;i
or T, or in both. The effects of KI were not consistent. In another series
of experiments. PTU (10 mg'l) was given in drinking water for 4 days,
and then graded doses of T:i or T4 were given iv. or 100 nsr of TRH was
injected into a tail vein, or the animals were exposed to 4CC for 30 min.
The initial high TSH levels were further increased by TRH and cold and

. decreased by T;i and T,. The PTU-treated animals had goitres after 4
days. We infer that low doses, that is to say 10-100 -times lower than
previously described, of antithyroid drugs induce a hypothyroidism char-
acterized by an increased TSH level arm a. decreased serum T3 or T4
level or both. A 4 days' treatment with PTU (10 me I in tap water) is a
suitable tool for studvine the effect of various conditions on TSH secretion.
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i he err'ects oi various anti thyroid drues are '*eil documented at the level <4
the tnvroid gtand .Stanley i- Astvrjod 1947. Richards & Inz'oar !959: lino et ait
1961: Hcrshmun i- I 'an Middles-worth 19b2: .\'asataki £• ln%bar 1964: Wolfj
1964,. However, their effects on the serum concentrations of immunoassayabl*
T,;. T4 and TSH have been less widely studied. In most of the previous studie*
only one. and evidently a high concentration of an antithyroid drug has been
used, resulting- in at least temporarily increased secretion of TSH (Bakke &
Laurence I9t>4: W'ilbcr i- L'ligcr 1967; Licn-endahl ct al. 1972: Griessen i
Lcmarciiand-Beraud 1973: Sabcri el al. 1975.,.
. The effects of suprapituitary factors on the regulation of TSH are usually
studied in situations where the secretion of TSH is stimulated. We have pre.
viously stimulated TSH secretion in rats by cold-exposure iLt'ppciluoto et al.
1974: Tuomisto et al. 1975; Ranta et at. 1977) and found that it is possible
to modify the stimulated TSH secretion by various drugs influencing central
neurc-transmission (Fuomisto et al. 1975: Ranta et al. 1977: Maanisto et al.
1979). In other studies TSH secretion was stimulated by thyroidectomy but the
very high TSH levels were not changed by drugs (Mueller et al. 1976) or by
cold-exposure (Mannisto. unpubi. results).

To find another reliable system for the stimulation of TSH secretion and to
elucidate the acute effects of various antithyroid drugs, we measured serum

•concentrations of T;J. T.t and TSH by specific radtoimmunoassays in a series
of experiments where graded doses of four antithyroid drugs were given to the
rats in tap water for 4 days. In the further studies a low effective dose of each
drug was given for varied periods of time. We %«re able to show that very low
concentrations of antithyroid drugs effectively stimulated TSH secretion. The
elevated TSH levels responded to exposure to cold, to thyroid hormones and
to TSH-releasing hormone.

M A T E R I A L A N D M E T H O D S
Animals

Male outbred Sprague-Dawley rat* weighing ISO-220 g at the beginning of the ex-
periments were used. They were kept 2-5 animals per cape and fed tap water and
pellets Hodine concentration 0.5-! mg kg) ad libitum. The animal room was artificially
illuminated from 7 a. m. to 7 p. m. and kept at 20-22=C. The animals were decapitates!
between 1 p. m. and 3 p. m.

Experimental designs
1. Studies with various doses of prapylthiouratii (PTL'i. meth\lmcrcaploimida:air

(MMIi. KCIO. and Kl - [n th^ f i r t i series of experiments graded doses of PTU (0
I. i. 10. 25 and 50 mg/1). MMI (0. !. ..5. 10 and 25 mg'l), KCIO., (0. 10. 50. 100 anc
500 mg'l} and KI (0. 10. 100 and 1000 mg'l) in tap water were given to groups of 5-£
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, 4 .:-'•;• ~c-:r.nmir at 1 p . m . on the f i rs t day. The consumption of d r ink ine
j>. ,,:r.:.-r in ail the groups. The daily dose of each drue at 10 me 1 levei varied
; i,, . ' mi: All animals eaincd weieht s imilar ly and were apparently hea l thy .

u i n . i i * •*-•"<: "capitated on the 5th day at \-i p .m. and the whole trunk blood
;vl.:c-ii : <t !•"•* measurement of serum T,. T4 and TSH concentrations i c f . below .
t. .,,..;;«' scrtes of experiments PTU (10 me [',. MM! (5 mg'i). KC104 {100 me 1,

inn — j i were eiven in tap water as above and the animals fn * 5-7 in each
u e r e ccta?::ited on the 2nd. 4th. 6th. 9th and 14th day at 1-3 p. m. One or two
r^:s « ere k i l l e d at each point of time (total 6—5 controls per each drue,.

it- linn: experiment PTU '10 me. 1) was given in drinkine water as above and
4 t i : n= o and 10th dav -n = 6) the animals were decapitated. The control rats
w e r e r.i:ied on the l U t h day. The thyroid glands and adcnohypophyscs were
and weiches.

, £// ' ,(/ ' fi:, cold. TRH and thyroid hormone treatment on TSH concentration in
,,. ^-i/i/v PTL' treated rats. - In the first scries of experiments the rcproducibiliiy of
,.t pTl ' - induced TSH response was studied. PTU {10 me 1) was given in drinking

a,cr . l o r 3 or 4 days and then the animals were decapitated for the measurement of
.rjrn TSH. The experiments (5-7 rats in each) were repeated 5 times and the cocffi-
rn ts u' var ia t ion :n the final serum TSH concentrations were calculated.
In the 'cc'jnd experiment PTU (10 mg'I) was given, in drinking water as above. On

,.c .4th day 10 ra:s were transferred to a room with a temperature of 4"C for 30 min
j-d then sacrificed for measurement of serum TSH. Other 10 rats were given 100 ne
_. TRH into a taii vein and the animals were decapitated 10 min later. The control
j-.:mais TI= i'"' received saline iv and were decapitated at the same time. The fourth

• f».iup of rats .n = 10 received water instead of PTU.
In the third experiment 60 rats received PTU (10 mg/1) as above for 4 days. Then

t-idcd doses of T5 .0. 1.25. 2.5. 5. 12.5 or 125 ,</g kg) or T4 (5. 25. 37.5. 50. 100 or
f, HZ sir were ip.jectcd into the tail vein. The rats were decapitated 2 h later for
-•cisurement of serum TSH. This time interval has been found suitable in an earlier
c.ady in rats [\\'ilbcr &: L'tiger\96~}.

I . A N D M E T H O D S

weighing ISO-220 g at the beginning of tiju
t 2-5 animals per case and fed tap wai
kg) ad libitum. The animal room was artii

a kcot at 20-22:C. The animals were decapii

•=-SSS»-.

•nfivlthwuracii PTL'}. mfiiiylmcreaptoimidau^
' series of experiments graded doses of PTU;̂

5. 10 and 25 me/1). KC04 (0. 10. 50. 100 ail
' mg 1. in tap water were given to groups of $4

rjiirmoncs and drug!
Thvruxine. triiodo-hyronine. propylthiouracii. methylmcrcaptoimidazole. KC104 and

K! were purchased from Sig-ma (St. Louis). TSH-reieasing hormone was obtained from
Ciibiochem (San Dieeo).

fdidi'rimmitnoassays of serum 7".(. 7"j and TSH
Ti and T4 an:isera were purchased from Farmos (Turku). To antiscrum had a cross-

r:ic:ivity of < 0.0! ° o against mono- or diiodotyrosinc and 0.15°o against T4. T4
if/.iserum had a cross-reactivity of < 0.01 ° o against iodotyrosines and 0.55°'o against
T. -'[-labelled T: and T. were purchased from Amersham. England. A 100 i<\ serum
•a.T.pis was incubated overnight with antiserum and tracer at 4;C in a buffer con-
:i:nin; anilinonaphtaien-sulphonate. The immunoromnlex was precipitated with poly-
shvlencplycol f inai concentration 12.5"o w v). Serum TSH was measured with a rat
TSH Ht obtained as a gift from NIAMDD. A rat TSH preparation RP.-l was used as
i standard (Ranta 1975).
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R E S U L T S :-V:
*<j< graded duscs r>j antilnyroid druz*. aetmimtlrrrtl [ur •/ days.

f>n scrum T:. Tt and TSH concrntratmns
PTU. - At the PTC levei of 1 mg 1 there were no s ignif icant change* jn

serum hormone levels in 4 days. At 5 me. 1 serum TSH rose from 5SO to l~3ft
ng. ml !.P < 0.05) and remained at about that level at higher doses. StattstU
caily signif icant fails in serum T:i and Tj occurred at 10 me 1 or at
doses (Fig. 1).

.Vf.U/. - MMI did not affect serum hormone concentrations at 1 ms:\
level in 4 days. At 5 me 1 serum TSH increased from 640 to 2!80 rig/ml
f / D < 0 . 0 1 i %vhereas serum T, and'T4 were not significantly affected. At IQ
and 25 msr.'I le%-el of MMI. serum TSH was still hieh but declining. Serum TJJ

'concentrations decreased from 52 to 3" nmo.'. 1 at 10 mg I (P < 0.05} and ta
32 mmoL I at 25 mg/i (/><Q.O!)-, The serum T:! concentrations remained tin-
changed at all MMI dose levels (Fig. 2).

rTU

Fig. I.
5erum 1:! (A——A: 1(H nmoi i',. T4 (•——•: nmo! P, and TSH {•——•: !0-- nsr'ml
concentrations as a function of the PTU dose (mg. 1 in drinking water: log- s'cale) in
the rat. Mean ± SEM. n « 5-6, Siatisttc;: x P < 0.05. xx ,° < 0.01 vs. the water controls.
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10 TSH

i
I——
0 t . 25 mg/l

MM I.

• _ fig. f.

»-rum T.. T.J and TSH concentrations as a function of the dose of MMI (mg/I in
drinking water: log scale). For further information, see Fig. 1.

50

30 .

2C S-

503 mg/l

Fig.' 3.
>crum T:!. T4 and TSH concentrations as a function of the KC104 dose (mg 1 in drinking

water; log scale). For further information, see Fig. 1.



Table I-
Serum T°. n.-not !,. T. .,nmo!. i) and TSH ne mi' concentrations as a function of ti
durint: PTL' 10 msr I,. MM! (5 mir !/. KC1O, (100 mz I) and KI ,100 mr i, treatme

The drugs were given in tap water.

Duration of the treatment, davs

7"T.. nmol l
PTU
MMI
KC10.
KI

7%. nmol'
PTU
MMI
KCI04
KI

0

50.0 = 4.0
50.5 = 3.1
52.1=5.5
69.4=3.0

1.8 = 0.3
2.0 = 'J.I 2
2.0 = 0.10
2.8 = 0.22

2

54. 3 ±5.3
49.0 ±3.2
40.8 ±2.6
45.1 ±3.2

0.5 ±0.07**
2.4 ±0.12 •
2.1 ±0.16
1,8+0.07*'

^

38.0 ±7.0*
45.4 +2.S
47.5 = 2.7
63.3 ±2.9

0.7 ±0.14*
2.1=0.21
1.6 + 0.11
2.3 + 0.16

6 9

27.4=4.1** 12.1 r!. 6**
36.8±4.1*
45.4 ±2.5
74.5 = 0.9* 6I.S + 4.3

0.6 ±0.08*"- 0.6 ±0.! 3**
1.9 = 0.15
1.6 + 0.06
219 = 0.10 2.2 ±0.07

14

34.8 ±4.3
34.7±l.«

_
S2.7±5.2

0.8 ±0.1
2.3 = 0.2

_
2.7 ±0.1

TSH, ngiml
PTU
MMI
KCI04
KI

520 = 50
505=i30
610=110
650 ± SO

980+100*
750 ±20
720 + 160

1460 + 240*

1 400 ±73*
2300 = 250*"
1120±100*
J 340 = 280

2450 ±330** 4550 = 410**
990 = 170*

1095 ±140
1090 = 230 5350=300

1500 + 33C
SOO + 25C

1200 =15C
570±50

Mean r SEM. n = 3—S. Statisticaily significant changes from the control values (» 0 da
are shown as follows: * P < 0.03. ** P < 0.01.

j. -At 10 mg;l dose level serum hormones were unchanged, but r
50 mg 1 T-j fell from 2.1 to I." nmol'l (/* < 0.05) and serum T4 from 55 t
36 nmol/1 (/><0.01). Similarly. T4 remained low at 100 and 500 mg-,'1 dos
level and T^ at 100 mg/l dose level. Scrum TSH rose at 100 mg/1 from 61
to 1170 ng ml ;'/><0.05) and continued to rise to 1490 ng m! at 500 me

. 3).

KI. - There were no statistically significant changes in the hormone concsn
trations at 10-1000 mg/i dose levels of KI in 4 days (data not shown).

Serum T3, T} and TSH concentrations during administration of
the four antithyroid drug* for various times

PT.U , - When PTU (10 me. 1) was given, serum Ta fell on the 2nd day fror
J.S to 0.5 ng ml (P<0.01) and remained at this low level for several day
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Tjo.'r /.
: T;'H nc ml conccnirai.ons as a function

. , KC:O, 100 me ii ana KI 100 mg/1)
• \«.ere given in tap water.

Duration of the treatment, days

27.4 = 4. r* i2 . i± i ,6*» 3
.36.5 = 4.1* - 3-t.7ijj

45.4 ±2.5
74.S±0.9* 61.5 ±4.3 82.73

47.5 ±2.7
63.5 ±2.9

0.7±0.14* 0.6±O.OS*» 0.6±0.13»*
2.1=0.21 1.9±0.15 - ,
1.6±0.11 1.6 + 0.06
2.5±O.Ifi 2.9 = 0.10 2.:!±0.07 2.73

400 ±75* 2450 ±350'* 4550 = 410** 1500±1j
:,'00±::50*'> 990 ±170* - 800±2
120=100* 10951140 - 1200t«
340 = 250 1090±230 1350=300 570J

•̂

' • • " ' I I" IH" ^———^»J^^»^^».̂ ———I———• . . I.I ni l—— I II ^M!̂ ^

-nificant changes from the control values (»6'i
P < 0.01.

fei! f rom 50 to 3S nmol I (P < 0.05) on the 4th day and reached
,• min imum (12.! nmol 1. / ) <0.01 . on the 9th day. Serum TSH rose

, ,ni •"'-" to -!5° n£ ' on l^e ^ ^' (^<0-01) and increased further to a
nu.umutn of 4550 fie ml on the 9th day (P<0.01). and then fell to

','.,,„ n!: mi on the 14th day .Table 1).
ici-'hts of anterior pituitaries were increased and the rats had goitres

cariv as on the 4th day of the PTL'-treatmcnt (Table 2}.

\l\ll. - "A'ith 5 mg'l of MMI in dr inking water, serum TSH rose from 505
iyw nsr ml on the 6th day (P <0.01). then fell to 990 and 800 ng/ml on

,nc 9th and 14th day. respectively. The fall in serum T.. was significant on
,i.e tith '/'<0.055 and 14th day (P<0.01). Serum T, remained unchanged

the experiment (Table 1).

,: - When 100 mg. 1 of KC104 was given, serum TSH rose from 610 to
11?0 n£ ml on the 4th day remained at that level. Serum Tj decreased from
nl to l.o mmol/1 on the 4th and 6th day. Serum T4 also decreased from the 2nd
jav but the change was not statistically significant in this experiment (Table 1).

£/. _ \\'hcn KI (100 me 1) was administered in drinking water, scrum TSH
rn<e from 6SO to 1460 ng ml on the 2nd day (P < 0.05) but then declined to
.;,e initial level. Serum T4 tended to fall at the beginning of the treatment but
.^creased on the 6th day from 52.to 74.8 nmoL 1 (P < 0.05) and on the 14th day
.,, 52.7 nmol'l (/><0.01). Serum T;! concentration was decreased on the 2nd
jav only (Table 1).

vcl scrum hormones were unchanged,
nmoLl (P < 0.05) and serum T4 fromj
T4 remained low at 100 and 500 cc^.^__

cvel. Scrum TSH rose at 100 mg/'l fromjwl;
rontinucd to rise to 1490 ng. ml at 500 n

ly significant changes in the hormone concen-
vels of KI in 4 days (data not shown). "•'•

•nns during administration of °
•>us limes *_
.vas given, serum T;) fell on the 2nd day froa
remained at this low level for several dayifc
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Table 2.
The weights of the thyroid and anterior pituitary glands of the rats
during administration of PTU (10 mg I) in drinking water for

4 or 10 davs.

Wet weight (mg'100 g of body weight)

Thyroid gland

Co.ntrol 5.8 ± 0.3
4 days on PTL" 13.S ±0.1**

10 days on PTL* 16.0 ± 0.2**

Anterior pituitary

2.6 = 0.1
3.5 = 0.1*
3.4 ± 0.1*

Mean ± SEM of 6 animals in each grcup. * P < 0.05. ** P < 0.01
vs. the control rats.



Dose of T.jST4 (pg/Kg,
Fig. 4.

Effect of graded doses of T3 (O----D: 0-125 agfltg iv: lor scale) and T4 '*-——»
5-375 jig.'kg iv: log scale) on the serum TSH levels elevated by a prior PTU treatmea
(10 mg-I in drinking water for 4 days). The rats were killed 2 h after the injection o
saline. T3 or T4. n = 4-5 at each dose level. Mean ± SEM. Statistics: * P < 0,05 yj

the PTU control rats (....).

Effects of various manipulations on serum TSH concentration in
the PTU-treated animals

Rcprodudbility. - When PTU (10 mg.'l) was given to groups of 3-7 rats in
5 separate experiments, serum TSH rose from 441 ± 52 to 906 ± 104 ng/m.
(mean ± SEM) in 3 days and from 600 + 51 to 1720 ± 125 ng/ml in 4 days
The respective coefficients of variation in TSH concentrations were 30a--
(3 days" treatment) and 16 »/o (4 days' treatment).

Table 3.
The effect of cold exposure and TRH on the serum TSH
levels in the PTU-treated rats (10 mg/1 in drinking water

for 4 days).

Treatment Serum TSH (ng-ml)

Water control
PTU control. 22-C
PTU and 30 min at -4CC
PTU and 100 ng of TRH iv

Mean ± SEM of 9-10 animals.
* P < 0.01 vj. the PTU control.
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446 ± SI
1173 ± !69
2177 ± 277*
2161 - 150*
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Serum TSH' (ng ml)

-4-C
TRH iv

446 ± SI
1173 ± 169
2177 ± 2"*
2161 ± 150*

mals,
control.
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/ . • i / , i / "/ thyroid hormones. TRH and cold-exposure. - In the f i rs t cxperi-
„( ihc rats were 2iven PTU MO me I. -I days) and then various amounts of

1 nr T. iv. Within "2 h small amounts of T, (1.7 »g kg; and T4 (5-30 «g kg) did
i( j i- .-nificantly modify TSH levels but higher doses rapidly decreased the

TSH levels (Fig. 4). In another experiment the high TSH levels, in-
''v pTU, were fu r t n e r increased by iv injection of 100 ng of TRH (from

l_- ;$ - l ')9 to 2177 ± 277 ng ml. P <0.01) and by transferring the rats from
!,.„-I Cfo r30min( to22 l ' 0 r SO ng'ml. P < 0.01) (Table 3).

D I S C U S S I O N

In this study each antithyroid drug- induced a different pattern of serum im-
munoassayable hormone levels at the beginning of treatment. We observed
•hat .in the PTU-treated rats T3 fell and TSH increased early and T, decreased
]3ter. In the KClOj-treated rats T-t and T4 decreased at a parallel rate and
TNl-t levels increased at the same_t[me. Administration of MMI did not affect
T. at all. and after KI serum T4 was even increased, although serum TSH levels
»cre at least transiently increased in both cases.

Although in this study serum thyroid hormone levels did not fall before the
,,Se in serum TSH. we still believe that these antithyroid drugs primarily de-
crease either serum Tj or Tj or both, which, according to the classical feed-
ojck theory, then leads to a rise in scrum TSH. We want to point out that in
the rats kept on a low iodide diet serum TSH was also increased before any
detectable change in serum T;! or T, (Ricsco et al. 1977). The fact that we were
•ot able to observe in all cases significant falls in serum thyroid hormone levels
before the rise of serum TSH may be due to the inability of T^ and T4 radio-
immunoassays to deteci minute, but possibly physiologically significant. T$ and
Tj changes.

In earlier studies antithyroid drugs have been used in drinking water in con-
centrations of 100-1000 mg 1 (Bakke i- Lawrence 1964: Wilber & Utiger 1967:
Liwidahl et al. 1972; Griessen &• Lemarchand-Beraud 1973). and those treat-
ments have increased serum TSH levels in 1 day-4 months. Our results show
:hat thes-- doses are unnecessarily high since significant changes in serum Tj,
Tj and TSH were obtained at doses 10-200 times lower. The disappearance of
the in i t i a l serum TSH rise in response to PTU (Griessen i- Lemarchand-Beraud
!;'7j or thyroidcctomy (Van Rces 1966) is said to be due to the exhaustion of
pituitary TSH reserves. We were able to confirm the transient rise in serum
TSH levels even with very low doses of PTU as well as with MMI. and to
wme extent with KI. On the other hauu. KClOj seemed to be able to stimulate
TSH secretion continuously. Possibly the dose was relatively lower than that
••! PTU and MMI. and did not cause the. depiction of pituitary TSH.



it was also demonstrated here that MM! did not affect serum T3 level, wi^
was clearly decreased by PTU. This result was not unexpected because tctf
stamiai amounts of serum T.i are derived from scrum T4 by dei^dination, an
PTU - but not MMI - is known to block this reaction (Van Andel & William
1956: Hcniiman £• I'aa MiddlcsiL-nrth 1962: Morreale de Escobar &• Escobt
del Rev 1967 . We also found that our initial TSH burst was associated wit
the fall of either serum T:i (PTU and KC104) or T, (MMI). It is diff icul t t
say whether T; or Tt is able to inhibit TSH secretion at the anterior pituitar
level because there are pituitary receptors for both hormones 'Op^fnheitnt
ct al. 1975} but. on the other hand. T4 is rapidly deiodinated to T.-i in the ar
terior pituitary (Silva et al. 197S).

In this study KI administration also led to the initial TSH burst. Later serui
T^ level be?an to rise and serum TSH level decline. So it appears that low K
doses (about 4 mg'day) ininaily work anthhyroidally but later, perhaps due t
increased availability of iodide. T4 synthesis is increased. There is no previot
information about the effects of small doses of iodide on serum TSH but larg
doses have slightly increased serum TSH level at 4 months (Liewendahl et a.
1972).

The present results prompted us to set up a model in which stimulated TST
secretion can be studied. PTU is given in drinking- water (10 mg/1) for 4 day
to increase serum TSH levels. The reproducibility of this TSH response is gooc
even better than that obtained with the cold-exposed animals (Tuomisto et a.
1975: Mannisto et al. I97S). Our model appears to be useful because elevate'
TSH levels are further increased in response to cold or to administration o
TRH and rapidly decreased by thyroid hormones. Both the TRH-induced an
cold-induced' TSH responses are well comparable with those observed in th
normal rats (Tuomisto et al. 1975: Ranla et al. 1977: Mannisto et al. 197?
3979). We have also shown that various drugs can modify the PTU-inducet
TSH secretion (Mannisto i- Ranla 1978).
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